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NATIONAL ADVISORY COMMITTEE FOR ATRONAUTICS

MEMORANDUM REPORT

for the
Materiel Command, Army Air Forces
INVES’IIGATIQﬂ OF DIVING MOMENTS OF A PURSUIT AIRPLANE
IN THE AMES 16-FOOT HIGH-SPEED WIND TUNNEL

By Albert L. Erickson

BUMMARY

A pursuit-type airnlane encountered severe civing moments in
high-speed dives which make recovery difficult. For the purpose of
investigating these diving moments and finding means for their
roduction, a 1/6-scale wodel of the esiiplane was tested in the
16-foot high-speed wind tunnsl at Ames Aeronautical Laboratory. The
test results indicate thet up to a Mach numbe: of at least 0.75, the
1linmit of the tests, the dive—recovery difficulties can be alleviated
and the longituvdinal maneuverability improved by the substitution of
a long symmotrical fuselage for the standard fuselage.

INTRODUCTION

A puarsuit airplane developed vowerful diving momsnts in high-
speed dives, and these moments have made recovery from high—speed
dives very difficult. The difficultiea have been discussed in
reference 1, and they hava been invectigated in the full-scale wind
tunnel and in the ~-foot high-sracd wind tunnel at Langley Memorial
Aeronautical Labvoratory (references 2, 3, and L).

At the request of the Army Air Forces, a model of the airplane
was tested in the 16-foot high-speed wind tunnel at AAL. The purpose
of these tests was to extend the ranpe of the previous high—speed
tests with a view toward developing means for eliminating the diving
difficultien and improving the maneuverability of the airplane at
high speeds. A number of fusclage shapes, scveral changss in the
span load distribution, bulpes and spollers on the wing and fuselage,
and o modification of the wing center—sect!on profile weres tested.




APPARATUS AND METHOD

The 1/6-scale tip-mounted model used in the 8-foot high-speed
wind tunnel at IMAL (referenco 2) was modified by the addition of
wing tips and fitted with trumlon-support fittings in the booms for
mounting tho modol on struts. Roference 5 shows dotails of the model.
Stinge were attached 18 inches back of the strut trunnions, as .shown
in figure 1, for controlling the angle of atteck. A pitot survey
head was uscd to explore the air flow in the region of the tail. This
head meacsured the totel and static pressures and the pitch and yaw
anglos of the air stremm. In thoss of the present tests wherein the
offects of droopod ailerons and partially oxtended Fowler fleps were
studied, tho ailerons and flaps were simulatod by split flaps having
chords approximately 30 percent of thoe wing chord at each spanwise
station. In addition to the teets with the standard airplenc wing,
the model wes tested usinz a wing with revised twizt. Excont for the
twist, this revised wing was idontical to the standard wing. The
twist was changed only from the boom center lines outboard so that
tho angle of attack relative to the standard wing was increased from
0° at the boom center lines to 3 at tho station where the rounding
of the wing tips started.

RESULTS

The data in this report have been correctod for tunnel-wall
offects, and approximately for tere drags and taro moments. The
monent center was 3.23 inches vertically above the trunnion point
with the airplane in the zero anglo—of-attack attitude.  Upflow or
downflow with the strut supports in place has not boen evaluated.
A slight upflow or downflow would affect only the absolute values
of drag and, for comparative purposes, would have no effect.

The results cre discussed in tho following order:

Standard configuration

Effect of fuselage shape

Effoct of bulges, fillets, and spollers
FEffect of changes to wing center secction
Effcct of ailerons and flaps

Effect of the change in wing twist




7. Elevator effe~tivenses

8. Improvements resulting from use of the long
gyumatricel fuseluge

9. Buffoting

8tandard Configuration

Tests of the standard configuration, complete and in varts,
revealed the nature and ceuse of tha dive-recovery difficultics.
With the complate ctandard model, tha longitudinal stability
increased enormously as the Mach aumber was increassd above 0.65.
This increaso in stability is illustretod by the decrease in the
slopos of the curvee showing the veristion of mement coefficient
with 1ift coefficlent in figures 2(n) and 2(b). Figure 2(e) con-
sists of cross plota from these curves and shows the variation with
Mach number of the momsnt coefficient ot constant valves of the
1ift coefficient. The 1lift coefficient at which the moment curvee
for various Mach numbers intersect is of special significancoe and
will hericeforth be referred to as the constent-moment 1ift coeffi-
cisnt. For ell 1lift coefficisnts greater then the constant-moment
value (approximately —0.15 for the stendard configuration), the
pitching momont decreases; that is, it becomss 2 diving moment as

the speed is increzsed. For smeller values of 1lift coefficient,
the moment becomes 2 climbing moment aes the speed increases. Thus,
it is seen 'that at high speeds the airplans becomes extremely
ostable. This stobility 1s so great that deflection of the elevator,
28 'will be shown later, produces little change in 1ift hence, the
difficulty in recovering from dives.

Removing all the eccessories (Pre.stone » oil, end spark-plug
cooling scoope, cnrburetor scoops, anéd turbosupercharier installe-
tions) from ths standard configuration mede no importent chenge in
thes moment characterietics. Removing the fusolegu, however,
incrensed the criticcl speed at which the stablility started its
rapid incrense, and nlso changod the value of tho constant-moment
1ift coefficient from a emall negative value (nbout --0.1%5) to =
poritive value of about 0.2 (fig. 2(c)). With the belance occurring
2t n positive volue of the constant-moment 1ift coefficient, tho
airplane would tend to auntomatically recover from high-spsed dives
boacruse a pull-out momen® would bocome offoctive ce ths speed
incroased. Modifjication of tho alrplane so that the constont moment
occurs at e suitable positive veolue of the 1ift coefficient, ns wit
the fuselage romcved, should provide o means of alleviating the
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divo-recovory difficulties.

With tho horizontal tail surfacos removod from the model,
rolatively small changes in pitching-moment coefficiont oncurrpd es l
| the speed wos increesed above the criticel (fig. 4(e)), and the
changes that did occur were in the opposite direction to those with i
the tail in place.. This result indicated that tho moments produced
by the tail wore undergoinz larze changes ae the spoed incroased I'
thereby causing the difficultines. Figure 5 shows downwash angles
that wore measured at the tail position while the toll was ebsent. |
As the Moch number incroqsnd aoove the critical, the downwash angle
decronsed ng much as 2° or 3°, and the varis ation of downwash with
é“ anzle of ecttack becoms only & sm“ll fraction of its low-speed
| value. The decrease in downwash was & direct result of the loes in
' 1ift cs tho Moch number was increased above the critical value
(fig. 4(c)). Tho mngnitude of the roduction in downwesh corre-
spondod approximately to tho change in tall angle of attack that
would be requirod tc produce tho changos in pitching momsnt shown
in figure 3(e).

airplane «re due to the cenicr soction of the wing losing lift as
the speed increases above the critical. The reduction in lift is
accenmpanied by a reduction in downwash at the tail and o reduction
in the rate of change of downwash angle with airplane anglo of
nttack. The latter change produces o groat increcse in longitudinsl
stablility at sreods above the criticzl speed of tho center soction.
With tho standard fusolege in place, the constant.-moment 1ift coeffi-
cient conters about n~ negativo value of the 1lift coefficient, and
tho stabllity becomes so grozt that the elevator cen produce only
small changes in ajrplane 1ift coafficient; consequently, recovery
fronm high--spced dives is difficult. With the fuselage removed, a
positive value of the constant-moment 1lift coefficient occurred, so
in this configuration tho airplans. wonld tend to automaticullJ
recover from high-spooc dives.

It was concluded that the dive-recovery difficulties of ths )
1
{
|

Effect of Fuselage Shape

As 1%t was shown that the standard fuselege caused the moments

" to breck at o lowor Mach numbar and the constant-mement 1ift coef--

ficiont to bYe negative, scveral Ffueseloge modifications were tested.

These were the standard fuselage with modified canopy, an underslung

fuselago, & lonz symmetrical fusslagn, a long symmetrical fuselage

with flat—front cab, and a long syrmotrical fuselage with the cab -
| from the standard fusclage. The results are compared in figure 6.
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These curves are plotted for three representative lift coefficients:
0.1, 0.2, and 0.4, The results show that the fuselaze designated
"tho long syumstrical fuselage" (fig. 7) carried the moment curve to
the highsst Mech number vefore breaking, and caused ths constant—
moment 1lift coefficient tc center ebout a small positive value of
the 1ift coafficient (aporoximately 0.C7). This fuselage also had
e lower drag ot Mach numbers above 0.68. The undersiung fuselage
gave similar moment charocteristics, but it was not considered as
practical & shape (fig. 8).

Adding a flat front to the cad of the long symmotrical fuselage
(fig. 9) in order tc mermit the use of fiat bullet—proof glass
windshield made tho moment characteristics slightly worse (fig. 6).
Two cab changns were itried in an effort to find an arrangsment that
gnave satisfactory moment characteristics, but that would not meke it
neceesary to move the pilot and the controls from their positions in .
the stendard airplans. The flat-front cab was moved aft 2 inches
(correspording to 12 in. full-scale), and the cab from the standard
fuselage was tried. on the long symmetrical fuselage. Both of these
cab arrengements gnve peor moment characteristics (fig. 6) as
compared with the forward cab. The inferjor characteristices with
these two cobs wers probably due to the peak velocities induced by

tho cebs being nesr to, and adding to, the pezk velocities induced
by the wing.

Figures 10 nnd 11 give the complete basic results for the long
symmetrical fusslage. Figure 10 gives rosults for the regular
Prostone scoops; figure 11, for modified Prestons scoops. Little
daifference in the results is noted, although ther> is a slight
reduaction in drag indicated with the modified scoors.

Effect of Bulges, Fillets, and Spollers

Abrupt bulges were pleced on the under side of the fuselage, as
shown in figures 12, 13, and 14, to find their offect in causing a
ehock on the under surface of the fussclage. The first bulge wes
placed on the under side of tho standnyd fuselage with a rovised
conopy. This bulgo causcd the moment curves td rise slightly from
Moch numbers of 0.3 upward, but thore was no noticeable change in
tho generzl effect (fig. 15). This indicates that the upper wing
surfaco had the most powerful influence on the pitching moment.
Othoer bulges tricd on the long syrmetrical fuselage with the cab off
had 1ittle effoct on the pitching moments. Figure 16 zives compar—
ative results with snd without tho bulges.




Several types of fillets were tried on the symmetrical fuselagp
(figs. 17, 18, ani 19), dut nonc of these gave any special benefit
(fig. 20) over ths conetant-radjus fillet used on all other tests.
The fillot nsed for moet of the tosts had a constant radius of

ono-half inch {3 in. on the airplana) and would be the ecasliest to
build.

Some spoilars and bulges were tried on the under side of the
wing. The firat erciler tried was sst 90° to the wing surface,
protruded 1/4 inch from the surface at 33-1/3 mercent of the wing
chord from the leading edge. ané was cxtonded between the booms.

A second test was made with this same gn.iler oxtonded to the wing
tins. For.a third test, the s-nilers wére remsved -and a smooth
bulge ons--fourth inch high was lucatsd between the bocms at the
same chord ~osition. Those teste were sredicated on pressure-—
distribution data which showed that, at constant angle of attack,
as the speed was increesadé tho nsgative 1ift on the lower wing
surface increased mors rapidly than the nositive lift on the upper
swrface at high spseds. The tests were made to detsrmine whether
the nogative 1ift increases could be reduced or eliminated. The
effectes of thess various changes are shown on figures 21(a), 21(b),
and 21(c). The flow over the lower surface was spoiled to such an
extent that from a very low speed, a steady rise in the moment curve
took place until the upper surface reached its criticel spced, and
then at 1ift coafficients of 0.2 and above, tho moment broke in a
negative direction. .

Effect of Changes to Wing Centoer Section

As the presence of critical pressures hmd been shown to cause
the trouble, it appeared that a wing with lower pressure peaks would
delay the compressibility break. Accordingly, a glove was bullt
around the original wing between the bocms. This glove was set at
a lower angle of attack and hed a larger chord (fig. 22) than the
origincl wing. Thie glove had much lower pressure peeks and, with
the symmetrical fuselage, raised the critical speed and the.balancing
1ift coefficlent to a value slightly higher than that for the same
configuration but without the glove (figs. 23(=), 23(b), and 23(c)).
With the standard fuselage and the glove, on the other hand, the
curves broke in the same wvay and at the same Mach number as for the
standard fuselage without the glove.




Effect of Aillercns anéd Flans

Ae the loss in 1lift on ths conter section cansad the lerge
adverse tail moments for a given totel 2ift a change in span load
distribution that would shift a greater rart of the 1ift outboard of
the booms wonld relieve ths center section of zome 1ift and dclay the
precsure risc on this section. Accordinzly, tests were mado with
simulated flzps and allerons defloctsd 15° down and extending .from
tho wing tips into the booms. Without the fuselage (fig. 24), an
improvement in the characteristics 1s indicatod. The momants
increased at speeds abovo tho critical for 1ift coefficients of 0.3
or less (fig. 24(e)); whoreas without the simulated flaps ond
ellerons (fig. 3(e)), tho moments increased for lift coofficionts
only up to 0.1. In addition, the flaps increased the Mach numbers
at which the sudden chn in moment occurred. Severzl additlional
runs wera made (figs. 23(z), 23(b), and 23(c)) with simulated flaps
and ailerons 15° down. It can be roon froum those comparative curves
that the flaps improved the moment charscteristica 1ln all coses
except when tho standard fuselage was used. At a 11ft coefficlent of
0.1, although 21l other configurations broke in a positive direction,
the configuration with the standard fuselage broke negatively and at
e much earlier Moch number than the others.

Effoct of the Change in Wing Twist

It appeared that an effoct similar to that obtalned with the
split flaps could be obtained in a vractically applicable mennor by
modifying the wing twist. Accordingly, a wing having the twist
modified by increasing tho sngle of attack at the tins by 3° was
tested. This change In wing twist imoroved the characteristics very
little, whether used with the long symmotrical fusclage or with the
standerd fuselage (fig. ?5). Comnlete results of the tests of the
revised wing with the longz symmetrical fuselagn are zlven in
figuro 26. The ineffactivenuss of the change in wing twist as
comparsd to the snlit flarne an-arently was largely dus to the fast
that the twist increessed tke 1ift coefficient at each anzle of
attack only a2 small zmount comrared t» the increase in 1ift coeff!-—
cient produced by the flawvs.

Elevator Effectivoness

Figure 27 indicates, for ono configuration, the 1ift coeffi-
clent at which the nirplens would balance at varlous Mach numbore
with several elevator angles. Thils figure shows that at high specds




a given elevator dsfloction produvsed relatively smnll changes in
tho 1ift coofficient at which the airvlane would belance. Analysis
indicates that the losa of elevator effectiveness ot high spesds is
lorgely a result of the great incroase in eitabiiity of the airplene
and not to any lmportant extent dus to reduction in the change in
tell 1ift brought about by 2 given elevator deflection. Tho rosults
for other configuratione were similar, the only important diffarence
being in the velue of the constant-moment 1lift coefficient.

Irproverents Resulting From Uso of
the Long Syrmetricael Fuselage

Tho mode) with the symmetricol fuselnge showed better diving
cheracteristics than the stendard configuration. 3y teking the
points on the curves of figure 25 where the moment hroke, figure 28
wae plottad, which shows the meximum 1ift coefficient attninable
without the moment curves breaking in a diving direction. The Mach
numbers at which the moment coefficient curves broke agree closely
with ths Mach numbers at which the 1lift coefficient curves broke
for corrocponiing conditions. These reeults (fig. 28) show that at
zero 1lift and ~t Mach numbers up to at least 0.75, the limit of the
tests, with the symmstrical fuselage tho alrplane will not have
difficulty in recovering from dives, bsceuse the moment i3 & climbing
moment when it does break. If the airplans exceeds the critical
speed, it will tend to come out of the dive, not stay in it. As =2
matter of interest, there ore also nlotted on this figure curvea of
the 1ift coafficisnt required to meintain level flight at variouas
altitudes.

The long symmetrical fuselegze imvroved the longitudinal
manouverability in the critical soeed region. The improverent is
shown in figure 28. For example. at a Mach number of 0.65, with the
standord fuselage, the maximum 1ift coefficient availadble without
encountering tho sovere diving roments is 0.2. Replacing the
gtandard fuseclasze with the long symmetrical fuselaze increases the
1ift coefficient evailable for tho s-me condition to 0.5. At an
altitude of 25,000 fect, a 1lift cosfficient of 0.2 produces only
enough 1ift for level flight at & Mach number of 0.65. Thorefors,
ecceleraticns thet would require higher 1lift would put the airrlane
into the critical diving-noment region. By changing to the long
symmetrical fuselage, cccoleration of 2.5g could be executed under
the conditions of the oxample without entering the criticzal rezion.
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Buffeting

Neither the resuits of force tests nor observations of the
model behavior during tests gave any indication as to whether or
not tail buffeting occurred. Figures 29 and 30, which give results
of measurements of ths waks at the position of the tail, show that
with the standard tail position, the tail wlll come within the wake
of the wing and fuselage at high Mach numbsrs. These results indi-
cate that raieing the horizontal tail surfaces 32 inches above the
standard position should keer them out of the.wako,oexcept for
Mach numbers above 0.75 at angles of attack above 2°, and should
thereby largely eliminste buffeting. Reference 2 makes a similar
conclusion. Tests were made with the tail altered as shown in
figure 31. The model dimensions indicated correspcnd to raising
the tail 32 inches and moving it back 24 inches on the airplane.
Figure 32 shows the aerodynamic cheracteristics resulting from
this change. The only effect as compared to the standard tail
position was an increase in stability.

CONCLUSIONS

1. Ths difficulty encountered by this pursuit airplane in
recovering from high-speed dives is caused by a compressibility
shock on the wing center section. This shock causes e loss in 1lift

and & reduction in the downwesh, which results in a large change in
the tail momsnts.

2. With the standard fuselage, noneo of the modifications
tested oliminated the diffizulties.

3. A long symmetrical fuselase increased the Mach number at
which the adverse diving moments occurred by at least 0.05. At Mach
numbers un to at least 0.75, the limit of the teste, the long symmet-
rical fusnlage caused the airmlans to balance at a sufficiently
positive 1lift coefficient so that recovery from dives could be
effected.

4. The longitudinal maneuversbility of the airplane at high
gpeeds can be improved by the use of the long symmetrical fuselage.
For example, at 25,000 feet and at a Mach number of 0.65, the eirplane
can obtain 2.5g accelesrations, as compared with only one g for the
standard configuration.

Amos Aeronautical Laboratory,
National Adviscry Committee for Aeronautics,
Moffett Field, Calif.
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(a) Basic data from Mach number 0.300 to 0.650,

Pigure 2. - Wing, bocms, standard fuselage, tail, and all accsssories.
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(a) Concluded. Basic data from Mach nmumder 0.300 to 0.650.
Figure 2. - Contimmed. Wing, booms, standard fuselage, tail, and all accessories.
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(b) Basic data from Mach number 0.675 to 0.750.
Figare 2. - Continned. Wing, booms, standard fuselage, tail, and all acceseories.
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(c) Variation of C;, with Mack number at constant angles of attack.
Figure 2. - Continued. Wing, booms, standard fuselage, tail, and all accessories,
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(4) Variation of Cp with Mach number at constant angles of attack.

Figure 2. - Continued. Wing, booms, standard fuselage, tail, and all accessories.
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(e) WVariation of Cy with Mach mumber at constant 1ift ocefficients.
Tigure 2, - Concluded. Wing, booms, standard fuselage, tail, and all accessories.
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(a) Basic data from Mach mmsber 0.300 to 0.650.
Figure 3. - Wing, booms, and tail.
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(b) Basic data from Mach mmber 0.675 to 0.750. p ~

Pigaxre 3. - Contimmed. Wing, Doome, aad tall.
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(c) Wxistion of C; with Mack number at constant angles of sttack.

Pigure 3. - Continwed. Wing, booms, and tail.
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NATIONAL AQVI SORY
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(4) Variation of Cp with Meck mmber at constant angles of attack.

Figure 3, - Continued. Wing, booms, and tail.
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(o) Yariation of Oy with Mach number at oonstant 1ift ocefficients.

Pigure 3. - Concluded. Wing, booms, and tail.
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(a) Basioc dsta from Mach mmber 0.300 to 0.850.
Pigare 4. - Wing and dooms.
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(b) Basic data from Mach mumber 0.675 to 0.7€S.

Pigure 4. - Contimned. Wing and booms.
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(o) variation of O with Mach number at constant angles of attack.
Figure 4. - Continned. Wing and booms.
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(a) variation of Cp with Nach mmber at oonstant angles of attack.

Figure 4. - Contimned. Wing and booms.
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(o) Wariation of Cy with Mach mmber st constant 1ift coefficients.
Figure 4. - Conclnded. Wing and boowms.
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Figure 5. - Downwash angles in region of tail, wing and dooms alone (runs
2 to 7) and wing, booms, and standaxd fuselage (mnmu).
and Standard Puselage (Runs 11 and 15).
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Figuxe 6, - Effect of fuselage shape on pitohing moment at ognstant lift
ocosfficients of 0.1, 0.2, and 0.4.
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Figure 8. - Underslung elongated fuselage with tail.
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Figure 9. - Flat-front cab on the long symmetrical fuselage.
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(a) Basic data from Mach mmber 0.300 to 0.650.
Figure 10. - Wing, booms, long symsetrical fuselage, tail and all accessories.
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(a) Concluded. Basic data from Mach mumber 0.300 to 0.650.
Figure 10, - Continned. Wing, booms, long symmetrical fusslage, tail and all acoessories.
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(d) Basic data from Mack nmber 0.675 to 0.750,
Pigare 10, = Oontimmed. Wing, booms, long symmetrical fuselage, tail amd all accessories.
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(c) Variation of C; with Mach mumder at constant angles of attack.
Figure 10, - Continized. Wing, booms, long symmetrical fuselage, tail and 211 accessoriss.




xbooanpapos

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
‘'

(a) variation of Cp With Mach mumber at constant angles of attack.

Figure 10. - Continned. Wing, booms, long symmetrical fuselage, tail and
all accessories.




NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

(e) Variation of Cy vith Mach mmber at oconstant 1ift ococefficients.
mmo-ml m,hﬂ,mmm,i&ﬂg
and all acoessories.
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(a) Resic,data from Mach number 0,300 to 0.850.

Flgure 11. - Wing, boome, long syrmotrical fuselage, tall, all accessoriess, and modified Prestone scoops.
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(b) Basic data from Mach number 0.675 to 0.75%.

Figure 11, - Continued. Wing, booms, long symmetrical fuselage, tail, all accessories, ard modifiel Freatone scoops.




NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

(o) Yariation of Cp with Mach number at coustant angles of attaok.

Figare 1l. - Continmed. Wing, booms, long symmetrioal fuselage, tail,all
acoessories, and modified Prestons scoops.




NATIONAL AOVISORY
COMMITTEE FOR AERONAUTICS

(4) variation of Cp with Mach nusber at constant angles of attack.

Figure 11. - Contimed. Wing, dooms, long symmetrical fuselige, tail,
all accessories, and modified Prestone scoops.
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(e) Variation of cu with Mach number at constant 1lift coefficients.

Figure 11, - Concluded. Wing, booms, long symmeirical fuselage, tail,
all accessories, and modified Prestone scoops.
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Figure 12, - Bump on bottom of stendard fuselage with revised canopy.
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Figure 15. - Bump on bottom of long symmetriocal fuselage without cabd.
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Figure 14.’ - Bump forwvard on long symmetrical fuselage without cab.
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Figure 15. - Standard fuselage with revised canopy. Comparison curves showing
; effect of bump on bottom of fuselage. (See fig. 12.)
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Figure 16. - Symmetrical fuselage without cab. Comparison curves showing
effect of bump on bottom of fuselage. (See figs. 13 and .14.)
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Figure ;7. -~ Symmetrical fuselage. leading-edge fillet with leading edge turned down,




of o

FuseLace ¢ 7

YERY . HOoRIn
o [-]
‘2 28
ol 1.9

o f

1.3

) 0:7 | t0 |
0.5 oni s [ oe |
DIMENSIONS ARE INCHES FROM

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
WiINg AND FuSELAGE SURFACES

Figure 18, - Symmetrical fuselage. Leading-edge fillet with leading edge extended
etraight forward.
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Figure 19. - Symmetrical fuselage with expanding fillet to the rear.
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Figure 20, - Comparison of effects of various fillets on symmetrical fuselage.
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(2) €y = 0.1.
Figure 21. - Fffect of wing spoilers and wing bumps on pitching momente.
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(v) CL = 0,2,
Figure 21. - Continued. Effect of wing spoilers and wing bumps on pitching moments,
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Figure 21. - Concluded. Effect of wing spoilers and wing bumps on pitching moments.
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(a) CL = 0,1, K

Figure 23. - Comparison curves of configurations tried with and without
ailerons and flaps.
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(v) ¢y = 0.2,

Figure 23. - Continued. Comparison curves »f configurations tried with and without
ailerons and flaps.
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(c) CL s 0.k,

Figure 23. - Concluded. Comparison curves of configurations tried with anl without
ailerons and flavs.




(a) Basic data from Mach musber 0.300 to 0.050.
Figare 24. - Wing, Yooms, tail, allercns ami flape drcoped 15° from wing tip to bdoows.
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(b) Basic data from Mach mumber 0.675 to 0.750.

Figave 34, - Comtimmed. Wing, doems, u:,mumpumu'mmup
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S Pigme 56. - Costmmel. Wing, besms, tail, ailesens and fiags Gsveped
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(o) Variation of Op with Mach mmber at oonstant angles of attack.

Pigare 24. - Contimed. Wing, dooms, tail, ailerons and flaps dropped
15° from wing tip to booms.
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(2) variation of Op with Mach mumber st constant angles of attack.

Pigure 24. - Contimued. Wing, booms, tall, ailerons and flaps drooped
15° from wing tip to booms.
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(e) Yariation of Cy with Mach mmber at constant 1ift coefficients.

Figure 24. - Concluded. Wing, booms, tail, ailerons and flaps drocoped
. 15° from wing tip to booms.




-+l
"
a4
i 1as:
HE
b
C
F MO 3 A 5 % .7\\ 8
- .
| CL- .1
|
» 4 112 LONG EYMMETRICGAL FUSELUAGE, STANDARD WING
! 84 STANDARD FUBELAGE, STANDARD WING
| 105 I.ONG SYMM, FUSELAGE , REVISED TWIST WING
| Il BTANDARD FUSELAGE , REVISED TWIST WING
+.1 ‘
u
ﬁ T ——
na
(9] |
' Cwm M 3 r 5 6 \ 8
CL= 0.2

NATIONAL AODV)SORY
COMMITTEE FOR AERONAUTICS

Figure 25. - Effect of the 3° change in wing twist.

Y




ScL°
S’

oors’
G«L?

(o]

WATIONAL ADVI SORY
COuMI TTEE FOR AERONAUTICS

(v) Mach number from 0.675 to 0.735.

Pigure 26. - Continued. Wing with reviged twist, boom:, long symmetrical fuselage,
constant-radius rillet, and tal). Elevator at 00,
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(a) Mach nusber from 0.30C to 0.650.

Figure 26. - Wing with revised twist, booms, long symmetrical fuselage,
constant-radius fillet, and tail. Elevator at 0°.
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(c) Yariation of €, vith Mach mmbder at constant angles of attack.

"‘ﬂ Plgure 26. - Continued. Ving wvith revised twist, booms, long symmstrical fuselage, 5
constant-radins fillet, and tail. Xievator at C°. :
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(4) Variation of Cp with Mach ousber at constant angles of atteck.

Figure 26. - Continmed. Wing with revised twist, booms, long symmetriocal fuselage,
constant-redins fillet, and tail. Elsvator at 0%,
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(o) vgriétim of OH with Mach number at constant 1lift coefficients.

rigure 26. - Concluded. Wing with revised twist, booms, long ly-etrical fuselage,
constant-radius fillet, and tail. Elevator at 0°.
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Figure £7. - Ving with rovised twist, booms, long symmetrical fuselage, and tail.
Lift coefficients for balance at various elevator settings.

for balance at various elevator settings.
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Figure ¢8. - Maximua lift coef icient availeble with chenre in Mach numbey for
two configuratione.




257 Srapwszee Cwomo

s

&

NATIONAL AOVISORY
COMMITTEE FOR AERONAUTICS

(a) Mach number, 0.30 and 0.50.
Figure 29, - Relative position of the tail and wing wake for the wing and 'boou'w alone.
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(d) Mach mmber, 0.65 to 0.75.

Figure 29, -ccnolud.d. Relative position of the tail and wing wake for the wing
and booms alone.
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(a) Mach mumber, 0.30 and 0.65.

Figure 30. - Relative positions of the tail and wing wake for the wing, booms, and
standard fuselage.




Raseo Tare.
/ s srron
- -
0 o e
SENISEL THek

— [fERL Oc=0°

\ M=.75
x=-7"
\
NOTES
\ rores

65 Framg

G =(H-R) w waxe

@ =R -£,)=5cHuE @

WATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

(b) Mach number, 0.75.

Figure 30. ~ Concluded. Relative positions of the teil and wing wake for the wing,
booms, and standard fuselage.
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Figure 31. - Relative positions of the present standard tall and the raised tail.
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(v) Basic data from Mach mawmber 0.675 to 0.750.
Plgure 32. - Contimed. Wing, m,wmw,mﬂwm
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(a) Bastic data from Mach mumber 0.300 to 0.650. fy
Figure 32. - ¥Ving, booms, standard fuselage, and raised tail.
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(b) Concluded. Basic date frocm Mach number 0.675 to 0.750.
Figure 32. - Continued. Wing, boome, standard fuselage, and reised tail.
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(c) Variation of C; with Mach number at constant angles of attack.
Figure 32, - Continued. Ving, booms, standard fuselage, and raised tail.
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(4) Variation of Cp with Mach number at constant angles of attack.

Figure 32. - Continued. Wing, booms, standard fuselage, and raised tail.
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(e) Variation of Cy Wwith Mach number at constant lift coefficients.

Figure 32, - Concluded. Wing, booms, standard fuselage, and ralesed tail.
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